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http://dx.doi.org/10.1016/j.jfma.201Background/Purpose: Thermoplasticized techniques with high temperature and repetitive
heating in root canal filling may cause degeneration of gutta-percha, producing cytotoxic by-
products and interfering sealing quality. This study was conducted to investigate the influence
of cyclic heating on the physical property and biocompatibility of a- and b-form gutta-perchas.
Methods: Both a- and b-form gutta-perchas were submitted to two heating processes: contin-
uous heating and cyclic heating. Continuous heating was carried out by heating the samples up
to 300C and 400C. The samples were then analyzed by differential scanning calorimetry,
differential thermal analysis (DTA), and thermogravimetry. For cyclic heating process, samples
were heated from 30C to 200C for seven cycles and analyzed with DTA and thermogravime-
try. For cell adhesion assay, samples were treated (30C to 200C, one and seven cycles),
submitted to cell culture and examined by scanning electron microscope.
Results: Differential scanning calorimetry and DTA indicated that a-form gutta-percha pre-
sented a major endothermic peak at 50e57C, while b-form gutta-percha showed two major
endothermic peaks at 46e50C and 60e63C. Total weight loss of b-form gutta-percha was
about 2-fold greater than that of a-form gutta-percha after continuous heating up to 300C,
or cyclic heating for seven times. Scanning electron microscopy showed no obvious difference
of cell adhesion on a- and b-form samples, even with seven cyclic heating or one heating cycle.
However, the attachment of the cells to the culture plate (the control) is better than to the
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Physical property and biocompatibility of gutta-percha 499Conclusion: The increase of heating cycles for a- and b-form gutta-percha exerts no adverse
influence on their biocompatibility. Because the physical property of b-form gutta-percha
becomes unstable when it is heated at over 300C or subjected to cyclic heating, b-form
gutta-percha may not be recommended for use in thermoplasticized gutta-percha techniques.
Copyright ª 2012, Elsevier Taiwan LLC & Formosan Medical Association. All rights reserved.Introduction
Gutta-percha has been the material of choice for root canal
filling, because its properties meet most of the criteria for
the ideal root canal filling proposed by Grossman in 1940.1,2
However, gutta-percha could not adhere to the canal wall,
resulting in formation of gaps between the filling materials
and the canal wall3; therefore, sealer cements were
required for all gutta-percha root canal filling techniques to
seal these gaps. In addition, clinicians should reheat gutta-
percha, known as the thermoplasticized gutta-percha
technique, to increase the flowability of gutta-percha and
provide an ideal sealing for the anatomically complicated
root-canal system.
Since Schilder advocated warm vertical compaction
technique in 1967,4,5 a number of heating devices and
filling systems using thermoplasticized gutta-percha as the
root canal filling material have been invented. With the
attempt to improve the heat carriers utilized in thermo-
plasticized gutta-percha technique, several electric
temperature-controlled heating sources have been devel-
oped, such as Touch ’n Heat (Sybron Endo, Orange, CA,
USA), System B Heat Source (Sybron Endo), and Endotec II
(Medidenta, Woodside, NY, USA). On the other hand,
a variety of modified thermoplasticized gutta-percha filling
systems techniques were also introduced, including the
Obtura system (Obtura Spartan, Fenton, MO, USA), the
Elements system (Sybron Endo), and the ThermaFil Obtu-
rator (DENTSPLY Tulsa Dental Specialties, Tulsa, OK, USA).
The polymer of the gutta-percha (trans-polyisoprene)
can exist in two crystalline forms (a- and b-phases). They
differ in terms of the distance between two consecutive
eCH3 groups placed on the same side in relation to the
carbons engaged in the double bonds (“molecular repeat
distance”), and the two phases (a and b) are intercon-
vertible.6 It is known that natural gutta-percha occurs as a-
form. When the cooling rate is controlled less than 0.5C/h,
the molecules of a-form rearrange to b-form.7 The most
commercial gutta-percha exists in b-form, including dental
gutta-percha.8 The high flowability, low viscosity, and tacky
properties of a-form gutta-percha may benefit the facility
of thermoplasticized gutta-percha techniques. However,
even existing in a-form, gutta-percha is a restricted
thermal conductor naturally, having difficulty in trans-
mitting heat from the coronal to apical third in the
canal.9,10 Accordingly, the common feature of all thermo-
plasticized gutta-percha techniques is heating the gutta-
percha to an extremely high temperature, such as 200C
to 400C, for ensuring homogeneous melting of the bulk
gutta-percha materials. It has been argued that the heating
temperature of thermoplasticized gutta-percha techniques
produces significant temperature rise on the external rootsurfaces, which may cause potential damage to the peri-
odontal tissues.1113 Another concern is that the high
temperature setting could result in gutta-percha degrada-
tion, forming new compounds with low molecular mass such
as peroxides and volatile products.14 The loss of material
stability and molar mass reduction was reported to jeop-
ardize the sealing capability of root canal filling with
the risk of root-canal reinfection.15 This temperature-
dependent degradation of gutta-percha may increase
upon the rise of the heating temperature or the repetition
of heating cycles. As a consequence, the biocompatibility
of gutta-percha would be challenged. More concerns would
arise if the degraded material overextended beyond the
root apex, which is the most common problem attributed to
the high flowability of the thermoplasticized gutta-per-
cha16,17 and may lead to potential cytotoxicity.
The purposes of this research were (1) to investigate the
physical changes of a- and b-form gutta-perchas by high-
heating and cyclic heating tests, simulating the clinical
conditions during the root canal filling, and to (2) to eval-
uate the effect of those heating procedures on the
biocompatibility of gutta-percha by material-cell adhesion
assay.Materials and methods
We summarized the experimental procedures in Fig. 1
including the thermal analysis and cell adhesion assay,
which are described in the following subsections.
Thermal analysis
Fig. 1A summarizes the procedures used for thermal analysis.
The thermal analyses were carried out by differential scan-
ning calorimetry (DSC 2010, differential scanning calorim-
etry; TA instrument Inc., New Castle, DE, USA), differential
thermal analysis (DTA), and thermogravimetry (TG) (SDT
2960 simultaneous DTA-TGA; TA instrument Inc.). In this
study, a-form gutta-percha (Obtura II; Obtura Spartan) and
b-form gutta-percha (Zipperer; United Dental Manufacturers
Inc., Tulsa, OK, USA) were tested. A total of 18 specimens,
weighing 32.7  0.1 mg individually, were randomly divided
into two groups: continuous heating and cyclic heating
process (nZ 9). Continuous heating consisted of (1) heating
the specimen up to 300C at a heating rate of 5C/min, and
cooling down to 30C, and (2) heating the specimen up to
400C at a heating rate of 5C/min. The cyclic heating
process consisted of heating the specimen from 30C to
200C, and cooling with spontaneous decrement down to
30C, which was defined as one cycle. The similar hea-
tingecooling cycles was repeated for seven times. The
Figure 1 Working flowchart describing how to perform the thermal analysis and cell adhesion assay.
500 Y.-A. Cheng et al.continuous heating and cyclic heating processwere repeated
three times for a- and b-form gutta-percha individually. The
mean values and standard deviations of the weight loss in TG
were calculated, and the statistical analysis was performed
as follows: (1) analyzing the weight loss of a- and b-form
gutta-percha after continuous heating up to 300C and cyclic
heating process by the Student t-test; (2) analyzing the
weight loss of each heating cycle in cyclic heating process by
one-way ANOVA at 5% significance. When statistically
significant differences were found, additional comparisons
were made using Tukey’s test.Cell adhesion assay
Fig. 1B illustrates the process used to perform the cell
adhesion assay. The primary culture of rat fibroblasts were
obtained using the method described previously.18 The tail
clip of the adult rat was cut, placed in a Petri dish, and
dissected into small pieces with a razor. The tissue pieces
were placed into a 1.5-mL microcentrifuge tube, into which
0.5 mL collagenase was added, and incubated at 37C.
Twenty-five minutes later, the mixture was spun for 5
minutes at 1000 rpm in an Eppendorf tube, and the super-
natant was discarded. The leftovers were washed with 1 mL
Hank’s buffered salt solution by mixing and centrifuging as
described above, and the supernatant was dumped. Then,
0.5 mL of 0.05% trypsin was added into the microcentrifuge
tube, mixed thoroughly with the tissue clumps, and incu-
bated at 37C for 20 minutes. The microcentrifuge tube was
centrifuged and decanted the supernatant as described
above, and the cell pellet was resuspended in 0.5 mL Dul-
becco’s modified Eagle’s medium (DMEM) cell culture
media, in which vigorous pipetting was necessary to breakup cell aggregates. The cell suspension was plated into
a tissue culture dish, avoided large pieces of tissue, and
added with 2 mL of fresh DMEM. The culture dish was
incubated in a 37C, 5% CO2 humidified tissue culture
incubator. The initial passage of the fibroblasts was sub-
cultured 2e4 days later, depending on the cell numbers.
The subculture procedure was repeated, by detaching the
fibroblasts with 1 mL 0.25% trypsin solution, centrifuging at
1000 rpm for 5 minutes, and suspending in fresh DMEM for
replating. The fibroblasts of third or fourth passage were
used in this study.
The a- and b-form gutta-perchas were molded as disks of
4 mm in diameter and 3 mm in thickness. These disks were
divided into two sets, and each set consisted of six disks.
For the first set, flat-ended heat carrier of System B Heat
Source (Sybron Endo) was activated at 200C, and moved
over one surface of the gutta-percha disc. After that, the
second set was manipulated in the same way as described
above, and cyclic heating process was repeated for seven
times. All prepared gutta-percha disks were sterilized by
soaking in 5.25% NaOCl for 1 minute, and rinsed with 75%
alcohol and phosphate-buffered saline. The sterilized
gutta-percha disks were carefully placed in a 96-well
culture plate, with the surfaces receiving heat treatments
facing up. The fibroblasts were harvested by trypsinization,
and cell suspensions containing 1000 cells with fresh DMEM
were added in the 96-well culture plate, in which the gutta-
percha disks were preinserted. In addition, six control wells
were set up by seeding the equivalent amount of cells on
the bottoms of 96-well plate and adding DMEM. After
incubation for 2 hours, 1 day, and 2 days, the DMEM culture
media was discarded, and the samples were washed by
phosphate-buffered saline. The cell fixation procedure was
performed with 4% formaldehyde solution, followed by
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by the critical point dryer (Cat. No. 28000; LADD Research
Industries, Burlington, VT, USA) and coated with gold
palladium by Sputter Coater (Bio-Red SC 502; Fisons plc
Registered Office, Ipswich, UK). All specimens were exam-
ined with a scanning electron microscope (SEM, Topcon
ABT-60; Topcon Corporation, Tokyo, Japan) and recorded
with the analySiS 3.0 digital imaging system (Soft Imaging
System GmbH, Mu¨nster, Germany).
Results
Fig. 2 presents the results of DSC run up to 400C. The a-
form gutta-percha presented a major endothermic peak at
50C following a minor endothermic peak at 60C (Fig. 2A).
b-form gutta-percha showed two major endothermic peaks
(46C and 60C), and a minor endothermic peak (112C)
(Fig. 2B). When heated over 200C, both groups revealed
irregularities of mixed exothermic and endothermic peaks,
indicating a tendency toward material degradations. Fig. 3
depicts the DTA results of cyclic heating process, in whichFigure 2 Results of DSC: continuous heating process (400C).
(A) a-form gutta-percha: a major endothermic peak (50C,
arrow pointed), followed by a minor endothermic peak (60C);
(B) b-form gutta-percha: two major endothermic peaks (46C
and 60C, arrows pointed), and a minor endothermic peak
(112C)the first heating cycle of a- and b-form gutta-perchas was
shown. The patterns of endothermic peaks of both groups
were close to the results of DSC; a major endothermic peak
(57C) was observed in a-form gutta-percha (Fig. 3A), and
two major endothermic peaks (50C and 63C), with a minor
endothermic peak (113C), appeared when heating the
b-form gutta-percha (Fig. 3B). No remarkable change was
identified on the endothermic/exothermic patterns during
seven cyclic heating processes.
Table 1 lists the individual data of weight loss of each
heating cycle. In b-form gutta-percha, more weight loss
occurred within the first heating cycle when statistically
compared with other cycles, while a-form gutta-percha
demonstrated no statistically significant difference in
weight loss among the seven cycles, except in the first cycle
and the fourth cycle. Table 2 summarizes the total weight
loss of cyclic heating process and continuous heating
process up to 300C in a- and b-form gutta-percha. The
weight loss of b-form gutta-percha was nearly 2-fold
greater than that of a-form gutta-percha, either in the
continuous heating process or the cyclic heating process,
since it was not statistically significant. Additionally, when
continuous heating up to 300C was carried out, both a- and
b-form gutta-perchas exhibited 5-fold weight loss than
their total weight loss after the cyclic heating process.Figure 3 Results of DTA: the first cycle of cyclic heating
process (30e200C). (A) a-form gutta-percha: a major endo-
thermic peak (57C, arrow pointed). (B) b-form gutta-percha:
two major endothermic peaks (50C and 63C, arrows
pointed), and a minor endothermic peak (113C).
Table 1 The weight loss (mg) in each cycle of the cyclic
heating process.
Heating cycle Obtura (a-form) Zipperer (b-form)
First cycle 0.0114  0.0046ab 0.1105  0.0017A
Second cycle 0.0350  0.0021bc 0.0195  0.0109B
Third cycle 0.0361  0.0055bc 0.0341  0.0032C
Fourth cycle 0.0413  0.0019c 0.0329  0.0053B
Fifth cycle 0.0372  0.0042bc 0.0332  0.0027B
Sixth cycle 0.0349  0.0037bc 0.0347  0.0015B
Seventh cycle 0.0328  0.0063bc 0.0227  0.0048B
The data shown are the averages of three independent exper-
iments and standard deviations. Significant levels are deter-
mined by one-way ANOVA and Tukey’s test. In the column of
Obtura, numbers labeled with the same superscripted
lowercase letters show no statistically significant difference
(p > 0.05). In the column of Zipperer, numbers labeled with the
same superscripted uppercase letters show no statistically
significant difference (p > 0.05).
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et al,19 the process of cell adhesion and spreading consisted
of four events: attachment of cells at point of contact with
the substratum, centrifugal growth of filopodia, cyto-
plasmic webbing, and flattening of the central mass. Fig. 4
demonstrates the rat fibroblasts attached on experimental
gutta-percha disks and the culture plate (control). In
Fig. 4A, cultured on a-form gutta-percha heated to 200C
for one cycle, the cell was smooth and spherical in shape
with few protrusions on the surface, showing a typical
morphology in the initial 2 hours of the attachment process.
After 1-day incubation, shown in Fig. 4B, the spreading cells
showed growth of filopodia and small vacuoles on the
surface. In the 2-day culture (Fig. 4C), filopodia attached to
the cell, having vacuoles and cytoplasmic webbing on its
surface. Fig. 4DeF present the fibroblasts cultured on a-
form gutta-percha disks that received the cyclic heating
process (7 cycles). The cells’ morphology was similar to
that shown in Fig. 4AeC, except that the cell of 1-day
culture (Fig. 4E) showed no growth of filopodia and many
inconspicuous microvilli formed on the surface. Fig. 4GeH
depict the cells attachment on b-form gutta-percha disks
heated up to 200C for one cycle. The cell profiles of 2-hour
culture (Fig. 4G) resembled those of the cell incubated for
1 day (Fig. 4H), revealing numerous bleb-like vesicular
protuberances, cytoplasmic webbing, and filopodia forma-
tion. However, the central mass of the cells had not flat-
tened until 2 days, although growth of filopodia was obvious
in most of the cells. Fig. 4JeL illustrates the cell adhered
on b-form gutta-percha disks received the cyclic heating
process (7 cycles). No significant difference in cell adhesionTable 2 The results of total weight loss after the
continuous heating and cyclic heating process.
Weight loss (%) Obtura (a-form) Zipperer (b-form)
300C 0.49  0.01 mg 0.83  0.03 mg
200C (7 cyclic
heating processes)
0.085  0.007 mg 0.166  0.016 mgwas observed between Fig. 4GeI and JeL, excluding the 2-
day culture (Fig. 4L), in which the cell spread with an
advancing filopodia and cytoplasmic webbing. The cell
morphology appeared similar to that in cells obtained from
2-day culture of a-form gutta-percha. Finally, Fig. 4MeO
show that the cells of the control group, attaching directly
on the culture plate, exhibited a clear difference when
compared with cells attached on gutta-percha disks. The
process of cell adhesion accelerated; as a result, the cells
inspected after incubation for 2 hours (Fig. 4M) firmly
anchored to the surface of the culture plate, and the
spherical shape with clearly visible filopodia surrounded
with some cytoplasmic webbing was observed. The cell of
1-day culture (Fig. 4N) had almost completed adhesion and
spreading activity, and the blebs were apparent on the
surface. The cell of 2-day culture (Fig. 4O) is roughly
stellate-shaped, with ruffles on its surface, and was
attached by advancing filopodia. The scanning electron
micrograph results, which are summarized in Table 3,
indicated that the attachment of the rat fibroblasts to the
culture plate is better than to the gutta-percha.Discussion
Based on the results of DTA and DSC, Zipperer gutta-percha
was confirmed to be the conventional b-form gutta-percha,
showing two major endothermic peaks at 46C and 60C,
while Obtura gutta-percha is identical to a-form gutta-
percha showing one major endothermic peak at 50C.
Previous studies14,2023 on commercial gutta-percha prod-
ucts found that the endothermal peaks of commercial
gutta-percha occurred between 40C and 60C, which were
similar to our results, and also agreed with the physics of
gutta-percha described by Bunn.6 The temperature values
of endothermic peaks, which vary depending on the
authors, may change in direct relation to the industrial
processing.20
However, fewdif anydstudies focused on the high
temperature settings of the modern electric temperature-
controlled heating sources.13,17,2123 Owing to the poorly
thermal conductive nature of the gutta-percha, high
temperature settings and cyclic heating processes are
usually required to yield a homogenous melt of the gutta-
percha and obtain an adequate filling quality of the
complicated root canal system. Therefore, most of the
commercial heating devices are recommended to operate
at a high temperature, which is far from the theoretical
transition temperature of a-form gutta-percha, and rea-
ches the amorphous phase instead. For example, the
standard temperature setting of Obtura II (Obtura Spartan)
is 200C, and System B Heat Source (Sybron Endo) is
commonly used at 200C. Touch ’n Heat (Sybron Endo) does
not provide a precise mode for temperature setting, and
the heating temperature may range from 400C to 500C.
Thermafil oven (DENTSPLY Tulsa Dental Specialties) heats
the gutta-percha up to 144C. In previous reports, the
temperature set for the thermal analysis has never excee-
ded 130C; therefore, this study raised the heating
temperature up to 400C, to cover all temperature varia-
tions of the thermoplasticized gutta-percha techniques.
Moreover, we set up seven cyclic heating processes in the
Figure 4 The scanning electron micrograph results of cell adhesion assay. Cell adhesion on a-form gutta-percha received one
cycle of cyclic heating process. (A) Two-hour, (B) 1-day, and (C) 2-day cultured cells. Cell adhesion on a-form gutta-percha received
seven cycles of cyclic heating process. (D) Two-hour, (E) 1-day, and (F) 2-day cultured cells. Cell adhesion on b-form gutta-percha
received one cycle of cyclic heating process. (G) Two-hour, (H) 1-day, and (I) 2-day cultured cells. Cell adhesion on b-form gutta-
percha received seven cycles of cyclic heating process. (J) Two-hour, (K) 1-day, and (L) 2-day cultured cells. Cell adhesion on the
culture plate as controls. (M) Two-hour, (N) 1-day, and (O) 2-day cultured cells.
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as the continuous wave obturation technique, which
accomplishes apical filling within four to five cycles of
reheating and compaction of the warm gutta-percha.24
According to the results of this work, a-form gutta-
percha could be more resistant to high heating tempera-
ture, since b-form gutta-percha nearly doubled the values
of weight loss of a-form gutta-percha, after undergoing
a continuous heating process up to 300C and seven cyclic
heating processes. This is probably attributable to only one
phase transition required for a-form gutta-perchatransforming to the amorphous phase. Instead, b-form
gutta-percha needs two phase transitionsdfrom b to a and
from a to the amorphous phase. In consequence, weight
loss and dimensional variations accompanied the conver-
sions of the phases, and the weight loss of gutta-percha
may directly relate to material degradation. Prior studies
inferred that the degradation of gutta-percha could be an
important factor on the root canal treatment durability,
principally because of possible migration of cytotoxic
degradation products to periodontal tissue and reduction
on sealing property caused by polymer weight loss.14,15,23
Table 3 The summarized results of cell adhesion assay.
Sample name Heating
cycle(s)
Culture
period
Spherical
shape
Bleb-like vesicular
protuberances
Microvilli Growth of
filopodia
Cytoplasmic
webbing
Ruffles at
periphery
Flattening of
the central mass
Obtura
(a-form)
1 2 h þ e e e e e e
1 d e e e þ e þ þ
2 d e e e þ þ e þ
7 2 h þ e e e e e e
1 d e e þ e e e þ
2 d e e e þ þ e þ
Zipperer
(b-form)
1 2 h þ þ e þ þ e e
1 d þ þ e þ þ e e
2 d þ e e þ e e e
7 2 h þ þ e þ e e e
1 d þ þ e þ þ e e
2 d e e e þ þ e þ
Control 2 h þ þ e þþ þ e e
1 d e þþ þ þþþ þþ þ þþ
2 d e þþ þ þþþ þþ þ þþ
“þ” means presence and “e” means absence of the morphological event during cell adhesion. “þ” means that cell adhesion was less
than 30%, “þþ” means that cell adhesion was about 30e50%, and “þþþ” means that cell adhesion was about 50e80%.
504 Y.-A. Cheng et al.Hauman and Love25 provided a valuable review of the
biocompatibility of gutta-percha. Although gutta-percha
had ever been considered to have acceptable biocompati-
bility with a low degree of toxicity, current evidence is
challenging the biocompatibility of gutta-percha, regarding
the inflammation reactions,26,27 cytotoxic effects,2830 and
complementation activation.31 Cell adhesion assay was
used in this study to evaluate the biocompatibility of a- and
b-form gutta-perchas, since adhesion and spreading of cells
on a material surface are the initial phase for cellular
function. The persistence of rounded cells with little or no
spreading suggests the surface material may be toxic.32 As
a result, we found no obvious difference in cell adhesion
between a-form and b-form gutta-perchas. Moreover, the
increase in heating cycles of gutta-percha did not adversely
affect the cell adhesion. Nevertheless, extruding gutta-
percha beyond the root apex was proven to induce
a typical foreign body reaction27,33 and activate macro-
phage.34 In this study, the cell attachment of gutta-percha
was inferior to that of the culture plate, supporting the
idea that gutta-percha is not highly biocompatible.
In conclusion, the increase of heating cycles for a- and
b-form gutta-perchas exerts no adverse influence on their
biocompatibility. However, the physical property of b-form
gutta-percha becomes unstable when it is heated at over
300C or subjected to cyclic heating. Therefore, use of b-
form gutta-percha may not be recommended for most
thermoplasticized gutta-percha obturation techniques.
Sustained efforts should be targeted in the improvement or
development of root canal filling materials.References
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